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A REVIEW OF ANTENNA TECHNOLOGIES FOR FUTURE NASA 
EXPLORATION MISSIONS 
 
NASA’s plans for the manned exploration of the Moon and Mars will rely heavily on the development 
of a reliable communications infrastructure from planetary surface-to-surface, surface-to-orbit and 
back to Earth. Future missions will thus focus not only on gathering scientific data, but also on the 
formation of the communications network. In either case, unique requirements become imposed on 
the antenna technologies necessary to accomplish these tasks. For example, proximity (i.e., short 
distance) surface activity applications such as robotic rovers, human extravehicular activities (EVA), 
and probes will require small size, lightweight, low power, multi-functionality, and robustness for the 
antenna elements being considered. In contrast, trunk-line communications to a centralized habitat on 
the surface and back to Earth (e.g., relays, satellites, and landers) will necessitate high gain, low mass 
antennas such as novel inflatable/deployable antennas. Likewise, the plethora of low to high data rate 
services desired to guarantee the safety and quality of mission data for robotic and human exploration 
will place additional demands on the technology. 
 
Over the last few years, NASA Glenn Research Center has been heavily involved in the development 
and evaluation of candidate antenna technologies with the potential for meeting the aforementioned 
requirements. These technologies range from electrically small antennas to phased arrays and large 
inflatable antenna structures. A summary of these efforts will be discussed in this paper. NASA 
planned activities under the Exploration Vision as they pertain to the communications architecture for 
the Lunar and Martian scenarios will be discussed, with emphasis on the desirable qualities of 
potential antenna element designs for envisioned communications assets. Identified frequency 
allocations for the Lunar and Martian surfaces, as well as asset-specific data services will be 
described to develop a foundation for viable antenna technologies which might address these 
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o
.
 
5,
 
M
ay
 
20
06
, 
pg
.
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TR
L 
in
=
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TR
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u
t
=
 
3
TR
L 
in
=
 
2
TR
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o
u
t
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S-
B
a
n
d
K
u
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an
d
S-
B
a
n
d
-
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-
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-
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-
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-
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-
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Fr
eq
u
en
c
y 
(G
Hz
)
S11 Magnitude (dB)
Si
m
u
la
te
d
M
ea
su
re
d
TR
L 
in
=
 
2
TR
L 
o
u
t
=
 
3
TR
L 
in
=
 
2
TR
L 
o
u
t
=
 
3
Co
m
pa
ct
 
M
ic
ro
st
rip
M
o
n
o
po
le
 
An
te
n
n
a
 
(C
M
M
A)
De
si
gn
 
Co
n
ce
pt
:
•
R
ed
u
ce
 
op
e
ra
tin
g 
fre
qu
e
n
cy
 
of
 
pa
tc
h 
an
te
n
n
a
 
th
ro
u
gh
 
u
se
 
of
 
gr
ou
n
di
n
g 
w
a
ll a
n
d 
in
cr
ea
se
d 
pe
rim
e
te
r 
w
ith
 
a
 
co
m
pa
ct
 
fo
o
tp
rin
t.
•
Ad
jus
t f
o
r 
in
he
re
n
t d
e
cr
e
a
se
 
in
 
di
re
ct
ivi
ty
 
w
ith
 
ve
rti
ca
l w
a
ll.
•
Co
m
bi
n
e
 
a
 
m
ic
ro
st
rip
pa
tc
h 
w
ith
 
a
 
3-
di
m
en
sio
n
al
 
st
ru
ct
u
re
 
to
 
a
tta
in
 
a
 
hi
gh
ly 
di
re
ct
ive
,
 
br
oa
db
an
d,
 
co
m
pa
ct
 
a
n
te
n
n
a
 
w
hi
ch
 
ra
di
a
te
s 
lik
e
 
a
 
m
in
ia
tu
re
 
m
on
op
ol
e
 
an
te
n
n
a
.
 
Fr
eq
u
en
c
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H
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-
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-
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-
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-
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-
10-50
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Return Loss (dB)
M
e
a
su
re
d
Si
m
u
la
tio
n
 
w
ith
o
u
t D
ie
le
ct
ric
Si
m
u
la
tio
n
 
w
ith
 
D
ie
le
ct
ric
12 mm
12
 
m
m
11
 
m
m
Re
su
lts
:
•
En
d-
fir
e
 
ra
di
a
tio
n
 
pa
tte
rn
 
a
llo
w
s 
fo
r 
lu
n
a
r 
su
rfa
ce
-
to
-
su
rfa
ce
 
co
m
m
u
n
ica
tio
n
s 
w
ith
 
an
 
an
te
n
n
a
 
st
ru
ct
u
re
 
1/
6t
h
th
e
 
si
ze
 
of
 
a
 
m
on
op
o
le
 
an
te
n
n
a
.
<
 
λ
/1
2 
!
E-
Pl
a
n
e
H
-
Pl
a
n
e
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]
Ph
ili
p 
Ba
rr
,
 
A
fro
z 
Za
m
an
,
 
Fé
lix
M
ira
n
da
,
 
“
A
 
Co
m
pa
ct
,
 
B
ro
ad
ba
n
d 
A
n
te
n
n
a 
fo
r 
Pl
an
et
ar
y 
Su
rfa
ce
-
to
-
Su
rfa
ce
 
W
ire
le
ss
 
Co
m
m
u
n
ic
at
io
n
s,
”
M
ic
ro
w
av
e 
an
d 
O
pt
ic
al
 
Te
ch
n
o
lo
gy
 
Le
tte
rs
,
 
V
o
l. 
48
, 
Is
s.
 
3,
 
M
ar
ch
 
20
06
,
 
pg
.
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1-
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4
So
la
r 
Ce
ll
Pr
o
v
id
es
 
po
w
er
 
fo
r 
co
m
m
u
n
ic
at
io
n
s 
sy
st
em
.
 
 
Ca
n
 
be
 
in
te
gr
at
ed
 
o
n
 
an
te
n
n
a 
la
ye
r,
 
o
r 
o
n
 
o
sc
ill
at
o
r 
la
ye
r.
De
si
gn
 
Co
n
ce
pt
:
•
In
te
gr
a
te
 
so
la
r 
ce
ll,
 
lo
ca
l o
sc
illa
to
r 
an
d 
m
in
ia
tu
re
 
an
te
n
n
a
 
fo
r 
co
m
pl
e
te
,
 
co
m
pa
ct
,
 
se
lf-
po
w
e
rin
g 
co
m
m
u
n
ica
tio
n
s 
sy
st
e
m
.
 
•
In
te
gr
a
te
d 
an
te
n
n
a
 
ra
di
a
tin
g 
e
le
m
e
n
t/o
sc
illa
to
r 
ge
n
e
ra
te
s 
it’
s 
o
w
n
 
R
F 
po
w
e
r.
•
D
em
on
st
ra
te
 
pr
o
to
ty
pe
 
a
ct
ive
 
o
sc
illa
to
r 
so
la
r 
ce
ll a
rr
a
y 
an
te
n
n
a
 
m
od
u
le
s 
ca
pa
bl
e
 
of
 
be
a
m
 
st
ee
rin
g 
ba
se
d 
on
 
m
u
lti
-
jun
ct
io
n
 
G
a
As
so
la
r 
ce
ll a
n
d 
o
sc
illa
to
r 
an
te
n
n
a
 
te
ch
n
o
lo
gi
e
s.
•
Fo
u
n
da
tio
n
 
fo
r 
la
rg
e
r 
ap
e
rtu
re
,
 
be
a
m
-
st
e
e
ra
bl
e
an
te
n
n
a
s 
u
sin
g 
co
u
pl
e
d 
o
sc
illa
to
r 
a
pp
ro
a
ch
.
•
Th
e
 
pr
op
o
se
d 
sy
st
em
 
w
ill 
e
n
ab
le
 
th
e
 
de
ve
lo
pm
en
t o
f l
o
w
-
co
st
,
 
lig
ht
w
e
ig
ht
 
sa
te
llit
e
s 
w
ith
 
hi
gh
 
di
re
ct
ivi
ty
 
co
m
m
u
n
ica
tio
n
 
lin
ks
 
fo
r 
Fl
e
xib
le
 
Ac
ce
ss
 
Ne
tw
o
rk
s.
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a
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n
n
a
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e
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)
P m
a
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+
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dB
m
V d
ra
in
 
=
 
+
4.
0 
V
V g
at
e 
=
 
-
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8 
V
I dr
ai
n 
=
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m
A
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a
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=
 
+
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dB
m
V d
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in 
=
 
+
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V
V g
a
te
 
=
 
-
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V
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a
in
 
=
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m
A
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l O
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o
r
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o
v
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es
 
m
o
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n
 
o
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rr
ie
r 
fo
r 
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v
an
t d
at
a 
tr
an
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is
si
o
n
 
1
 
fe
e
db
ac
k
λ
1.
2 
pF
 
ca
pa
cit
or
Tr
a
n
si
st
o
r
G
at
e
So
u
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e
Dr
a
in
λ/
2 
re
so
n
at
o
r
M
in
ia
tu
re
 
An
te
n
n
a
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o
v
id
es
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m
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ct
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ct
u
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to
 
tr
an
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R
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-
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-
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-
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-
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-
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-
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a
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o
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at
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n
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fie
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P m
a
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-
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n
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e
,
 
de
g
-
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-
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-
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-
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at
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o
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a
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G
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a
n
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Fa
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at
ed
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te
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at
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te
n
n
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o
sc
ill
at
o
r 
u
sin
g 
D
u
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R
T 
60
10
 
m
ic
ro
w
av
e 
la
m
in
at
e 
(di
el
ec
tr
ic
 
co
n
st
an
t =
 
10
.
2),
 
w
ith
 
ps
eu
do
m
o
rp
hi
c
hi
gh
 
el
ec
tr
o
n
 
m
o
bi
lit
y 
ga
lli
u
m
 
ar
se
n
id
e 
tr
an
sis
to
rs
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:
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in
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u
t
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o
u
t
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D
im
en
si
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s
in
 
m
m
Co
n
ce
pt
:
•
D
e
ve
lo
p 
e
le
ct
ric
al
ly 
sm
a
ll a
n
te
n
n
a
s 
an
d 
se
lf-
he
a
lin
g,
 
ad
a
pt
ive
 
de
ci
sio
n
 
a
lg
o
rit
hm
s 
fo
r 
co
he
re
n
t s
ig
n
a
l d
e
te
ct
io
n
 
an
d 
tra
n
sm
is
sio
n
 
fro
m
 
an
 
ar
ra
y 
o
f r
an
do
m
ly 
di
st
rib
u
te
d 
pl
an
e
ta
ry
 
se
n
so
rs
.
 
Th
e
 
se
n
so
r 
a
rr
a
y 
w
ill 
co
n
fig
u
re
 
its
e
lf 
to
 
fo
rm
 
a
 
be
am
 
in
 
a
 
ge
n
e
ra
l d
ire
ct
io
n
 
th
a
t c
an
 
be
 
in
te
rc
ep
te
d 
by
 
a
 
pa
ss
in
g 
o
rb
ite
r 
o
r 
di
re
ct
ed
 
to
 
a
 
pa
rti
cu
la
r 
sa
te
llit
e
 
o
r 
pl
an
e
ta
ry
 
su
rfa
ce
-
ba
se
d 
re
ce
ive
r.
•
D
e
ve
lo
p 
m
in
ia
tu
riz
ed
 
an
te
n
n
a
s 
a
n
d 
be
am
 
fo
rm
in
g 
a
lg
o
rit
hm
 
fo
r 
ra
n
do
m
 
se
n
so
r 
a
rr
ay
s 
th
a
t e
n
ab
le
 
th
e
 
se
n
so
r 
to
 
w
o
rk
 
to
ge
th
e
r 
to
 
co
m
m
u
n
ic
at
e
 
th
e
ir 
da
ta
 
to
 
re
m
o
te
 
co
lle
ct
io
n
 
si
te
s 
w
ith
ou
t t
he
 
n
ee
d 
fo
r 
a
 
ba
se
 
st
a
tio
n
•
D
e
ve
lo
p 
m
in
ia
tu
riz
ed
 
an
te
n
n
a
s 
w
ith
 
m
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e
ra
te
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n
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s 
fo
r 
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an
e
ta
ry
 
su
rfa
ce
 
co
m
m
u
n
ica
tio
n
s 
be
tw
ee
n
 
re
m
o
te
 
si
te
s 
se
n
so
rs
 
o
r 
o
rb
ite
rs
.
•
Th
e
 
te
ch
n
o
lo
gy
 
is
 
in
te
n
de
d 
to
 
en
ab
le
 
lo
w
-
ris
k 
se
n
sin
g 
an
d 
m
on
ito
rin
g 
m
is
sio
n
s 
in
 
ho
st
ile
 
pl
an
e
ta
ry
 
a
n
d/
or
 
a
tm
o
sp
he
ric
 
en
vir
o
n
m
en
ts
.
•
D
e
ve
lo
pm
en
t o
f d
is
tri
bu
te
d 
Ba
ye
sia
n
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rit
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se
d 
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u
lt 
to
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n
t, 
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lf 
o
rg
an
izi
n
g 
ra
n
do
m
 
se
n
so
r 
de
te
ct
io
n
M
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e
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te
n
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R
a
n
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m
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n
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a
n
e
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Ex
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o
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tio
n
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D
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n
n
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B
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n
ha
rd
/U
n
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o
f I
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n
o
is
Si
m
u
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te
d 
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a
m
 
fo
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in
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A
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v
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U
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n
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a
tio
n
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d 
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a
 
R
a
n
do
m
 
Se
n
so
r 
A
rr
a
y 
Pr
o
to
ty
pe
 
M
in
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tu
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ze
d 
A
n
te
n
n
a
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o
ac
h 
al
lo
w
s 
ra
n
do
m
ly
 
di
st
rib
u
te
d 
Lu
n
ar
 
su
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e 
se
n
so
rs
 
to
 
w
o
rk
 
to
ge
th
er
 
as
 
an
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ra
y 
an
d 
th
u
s 
en
ha
n
ce
s 
co
m
m
u
n
ic
at
io
n
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pa
bi
lit
ie
s 
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de
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si
n
g 
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e 
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o
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o
f s
in
gl
e 
po
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t 
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m
m
u
n
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at
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n
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ilu
re
.
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Beam pattern (dB)
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N
AS
A 
se
ek
s 
to
 
de
v
el
o
p 
te
le
m
et
ry
 
ba
se
d 
im
pl
an
ta
bl
e 
se
n
si
n
g 
s
ys
te
m
s 
to
 
m
o
n
ito
r 
th
e 
ph
ys
io
lo
gi
ca
l 
pa
ra
m
et
er
s 
o
f h
u
m
an
s 
du
rin
g 
sp
ac
e 
fli
gh
ts
R
F 
Te
le
m
et
ry
 
Sy
s
te
m
 
fo
r 
Im
pl
an
ta
bl
e 
B
io
-
M
EM
S 
Se
n
s
o
rs
(T
R
L 
3-
4)
Co
n
ta
ct
-
le
ss
 
po
w
e
rin
g 
a
n
d 
te
le
m
e
try
 
a
pp
lic
a
tio
n
 
in
 
bi
o
se
n
so
rs
.
Co
n
ta
ct
-
le
ss
 
po
w
e
rin
g 
a
n
d 
te
le
m
e
try
 
co
n
ce
pt
.
Sc
he
m
a
tic
 
of
 
a
 
ca
pa
ci
tiv
e
 
pr
e
ss
u
re
 
se
n
so
r.
Sc
he
m
a
tic
 
of
 
m
in
ia
tu
re
 
sp
ira
l in
du
ct
o
r 
o
n
 
SO
G
/H
R
-
Si
 
w
a
fe
r 
a
n
d 
 
Ph
ot
o
m
ic
ro
gr
a
ph
o
f  
in
du
ct
o
r/a
n
te
n
n
a
.
M
e
a
su
re
d 
re
ce
ive
d 
re
la
tiv
e
 
si
gn
a
l s
tre
n
gt
h 
a
s 
a
 
fu
n
ct
io
n
 
of
 
fre
qu
e
n
cy
.
(a)
 
Pi
ck
-
u
p 
a
n
te
n
n
a
 
a
t a
 
he
ig
ht
 
of
 
5 
cm
.
 
(b)
 
Pi
ck
-
u
p 
a
n
te
n
n
a
 
a
t a
 
he
ig
ht
 
of
 
10
 
cm
.
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A 
n
o
v
el
 
m
in
ia
tu
re
 
in
du
ct
o
r 
an
d 
pi
ck
-
u
p 
an
te
n
n
a 
fo
r 
co
n
ta
ct
-
le
ss
 
po
w
er
in
g 
an
d 
RF
 
te
le
m
et
ry
 
fro
m
 
 
im
pl
an
ta
bl
e 
Bi
o
-
M
EM
S 
se
n
so
rs
 
ha
s 
be
en
 
de
v
el
o
pe
d.
M
in
ia
tu
re
 
A
n
te
n
n
as
(T
R
L 
2)
Co
lla
bo
ra
tio
n
 
w
ith
 
Dr
.
 
Jo
hn
 
Vo
la
kis
 
an
d 
M
r.
 
Je
ff 
Ku
la
 
(O
SU
)

Ar
tif
ic
ia
lly
 
m
an
u
fa
c
tu
ra
bl
e
M
et
a
m
a
te
ria
ls
: 
M
ag
n
e
tic
 
Ph
o
to
n
ic
 
Cr
ys
ta
ls
 
(M
PC
).

Th
es
e 
M
PC
s
ex
hi
bi
t t
he
 
fo
llo
w
in
g 
pr
o
pe
rt
ie
s
: 
(a)
 
co
n
s
id
er
ab
le
 
sl
o
w
 
do
w
n
 
o
f 
in
co
m
in
g 
w
a
v
e
, 
re
su
lti
n
g 
in
 
fro
ze
n
 
m
o
de
.
 
(b
) h
u
ge
 
am
pl
itu
de
 
in
c
re
as
e.
(c)
 
m
in
im
al
 
re
fle
ct
io
n
 
at
 
th
e 
fre
e 
sp
ac
e
 
in
te
rf
ac
e.
 
(d
) la
rg
e
 
ef
fe
c
tiv
e
 
di
el
ec
tr
ic
 
co
n
st
an
t, 
th
u
s
 
e
n
ab
lin
g 
m
in
ia
tu
riz
at
io
n
 
o
f t
he
 
em
be
dd
e
d 
e
le
m
en
ts
 
 
Co
n
cl
u
si
o
n
s 

B
y 
20
30
, 
1 
G
bp
s
de
ep
 
sp
ac
e 
da
ta
 
ra
te
s 
de
si
re
d.
 
 
Ch
o
o
si
n
g 
th
e 
pr
o
pe
r 
an
te
n
n
a 
te
ch
n
o
lo
gy
 
fo
r 
fu
tu
re
 
N
A
SA
 
ex
pl
o
ra
tio
n
 
m
is
si
o
n
s 
w
ill
 
re
ly
 
o
n
: 
da
ta
 
ra
te
 
re
qu
ire
m
en
ts
, 
av
ai
la
bl
e 
fre
qu
en
ci
es
, 
av
ai
la
bl
e 
sp
ac
e 
an
d 
po
w
er
, 
an
d 
de
si
re
d 
as
se
t-s
pe
ci
fic
 
se
rv
ic
es
.
 
 
Li
ke
w
is
e,
 
ef
fic
ie
n
c
y,
 
m
as
s,
 
an
d 
co
st
 
w
ill
 
dr
iv
e 
de
ci
si
o
n
s.

Vi
ab
le
 
an
te
n
n
a 
te
ch
n
o
lo
gi
es
 
sh
o
u
ld
 
be
 
sc
al
ab
le
 
an
d 
fle
x
ib
le
 
fo
r 
ev
o
lv
in
g 
co
m
m
u
n
ic
at
io
n
s 
ar
ch
ite
ct
u
re
.

En
ab
lin
g 
te
ch
n
o
lo
gi
es
 
in
cl
u
de
: 
la
rg
e 
ap
er
tu
re
 
de
pl
o
ya
bl
e/
 
in
fla
ta
bl
e 
an
te
n
n
as
 
(re
du
ce
 
sp
ac
e/
pa
yl
o
ad
 
m
as
s),
 
m
u
lti
be
am
an
te
n
n
as
 
(re
du
ce
 
po
w
er
 
co
n
su
m
pt
io
n
), r
ec
o
n
fig
u
ra
bl
e 
an
te
n
n
as
 
(re
du
ce
 
sp
ac
e),
 
lo
w
 
lo
ss
 
ph
as
ed
 
ar
ra
ys
 
(co
n
fo
rm
al
/g
ra
ce
fu
l 
de
gr
ad
at
io
n
), a
n
d 
ef
fic
ie
n
t m
in
ia
tu
re
 
an
te
n
n
as
 
(re
du
ce
 
sp
ac
e/
po
w
er
).
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Ef
fic
ie
n
t m
in
ia
tu
re
 
an
te
n
n
as
 
w
ill
 
pl
a
y 
a 
cr
iti
ca
lr
o
le
 
in
 
fu
tu
re
 
su
rfa
ce
 
co
m
m
u
n
ic
at
io
n
s 
as
se
ts
 
(e.
g.
, 
SD
R
 
ra
di
o
s) 
w
he
re
 
av
ai
la
bl
e
sp
ac
e 
an
d 
po
w
er
 
pl
ac
e 
st
rin
ge
n
t r
eq
u
ire
m
en
ts
 
o
n
 
m
o
bi
le
 
co
m
m
u
n
ic
at
io
n
s 
s
ys
te
m
s 
at
 
th
e 
en
v
is
io
n
ed
 
UH
F/
VH
F/
S-
ba
n
d 
su
rfa
ce
 
co
m
m
.
 
fre
qu
en
ci
es
 
(i.e
.
, 
as
tr
o
n
au
t s
u
its
, 
pr
o
be
s,
 
ro
v
er
s)
